Students maximize their utility very well when it comes to how much time to spend in one activity vs. the other. The purpose of this study is to examine a controversial debate whether students who spend more time on completing the assignments perform better.
Introduction
Even though thousands of instructors and millions of students use Aplia throughout the U.S., studies on its effectiveness are limited. Aplia is an online teaching and learning solution which gives students great flexibility because it encourages more effort (Vaugh, 2005) and it offers a tailored approach. When submitting homework assignments on Aplia, students receive an instant feedback on each question and have an option to try it again up to three times before they move on to a next question. Each student can spend as much or as little time as they want on a question or an assignment.
Aplia also saves a lot of time for instructors because of its instant feedback feature. Instead of grading assignments, instructors can spend more time on designing class activities based on students' performances which can be monitored using its analytical tools. In addition, instructors can integrate other features of Aplia in their classrooms such as news analysis, class discussions, and online experiments to engage with students and to help them be prepared for the class. When students are more prepared and more engaged, instructors can use valuable classroom times more effectively, which enhances students learning and success in the course.
Aplia is one of the most widely used online learning tools in Introductory
Economics courses although other similar online packages exist in the market (for example, MyEconLab, LaunchPad, EconPortal, SaplingLearning, etc.), each offering different types of question sets and features. Currently, Aplia has been used in more than 1700 institutions (mostly in the U.S. but 12 other countries) and served 4.9 million students 1 . One important feature that Aplia offers for instructors is its ability to track students' activities (such as when they logged in, when they submitted each question, how many times they tried each question, etc.). To my knowledge, this feature is not available in other online packages. Instructors can use this feature to analyze not only overall class performance but also study habits of certain students who may be struggling with the homework assignments, or to handle specific questions that a student may have. Currently, there is no study that uses Aplia's detailed student activities records except Kauper's work (2011) which uses login and logout times to examine whether students minimize their costs (study time) or maximize their outcome.
Existing literature on effectiveness of Aplia and other online learning environments focus on whether the online homework assignments affect students' performances measured by the final exam score or the course grade (Kassis, Boldt, & Lopez, 2008; Mijid & Liard-Muriente, 2012; Nguyen & Trimarchi, 2010; Pace, 2010) .
However, one way to measure the effectiveness of Apia is how much time students spend in completing assignments and its relationship with the student's performance.
Time is a valuable resource. The purpose of this study is to investigate how students' efforts on a particular question and/or an assignment affect the students' learning in Principles of Microeconomics course in a mid-size, 4-year university located in New England. We use 124 students' records from Fall 2012 to Spring 2013 downloaded from Aplia and combined them with students' demographic information and their final grades.
On one hand, students who spend more time and start their assignments early perform better not only on that assignment but also over time in the course. On the other hand, although some students delay their homework assignments until the last minute (Caplan & Gilbert, 2008) , others have better background than others even though they spend less time on homework assignments. Still some students simply don't have enough time to study (they work full-time besides being a full-time student).
As a result, not all students who spend more time completing assignments earn a good grade. Thus we use several ways to measure students' efforts in this study such as time spent on a question and an assignment, number of attempts on each question, number of questions and assignments completed. Next section reviews existing literature on effectiveness of Aplia and highlights how this study contributes to the current knowledge of effectiveness of online teaching and learning tools.
Literature review
Existing literature on Aplia finds positive impacts of its effectiveness on student learning in Principles of Economics courses. For example, Pace (2010) argues that Aplia engages students early in the term and gives each student individualized questions. As a result, it improves the student's exam performance between 5 and 7 percent. Lee Courtney, and Balassi (2010) found that 90% of students reported that Aplia significantly improved their understanding of Microeconomics Principles over the course of the semester. Nguyen and Trimarchi (2010) also claim that about 2 percent increase in their course grade is attributable to Aplia. Ball and Eckel (2004) found that Aplia experiments facilitate active learning in large classrooms and improves students' understanding of core economic concepts because it provides a pathway for students to apply their understanding. Collins Deck, and McCrickard (2008) In addition, the studies that investigate Aplia's impact on student learning in other subjects show similar results. For example, Cutshall, Mollick, and Bland (2009) examined an undergraduate business statistics course. They argue that students find Aplia homework assignments to be very useful as well as the ability to get immediate feedback. In their follow up study, Mollick and Cutshall (2013) suggest that Aplia's usefulness is positively correlated with students' level of introversion but negatively correlated with the level of thinking. Williams (2012) used a dataset of four sections of a graduate level introductory educational statistics course and found that Aplia affected only homework grades but not the other grades.
However, Aplia also has an element that could potentially diminish studentteacher interactions and could result to a detrimental outcome for student learning (Oppenheimer, 2003) . Kassis, Boldt, and Lopez (2008) found a negative but insignificant impact of Aplia on average test scores, when comparing two classes that use online textbooks and Aplia with two classes that use a standard textbook without any online components. Mijid and Liard-Muriente (2012) analyzed the effect of Aplia on the likelihood of passing the introductory economics courses with a "C" or above. They also found negative but statistically insignificant effect of Aplia on a passing grade. Flannery Kennelly, and Considine (2013) compared the effectiveness of paper-based and online assignments and found that paper assignments were more effective on test scores than the Aplia homework assignments.
While most studies in the above show the positive effects of Aplia on student learning and their course performance (Ball & Eckel, 2004; Collins et al., 2008; Cutshall et al., 2009; Lee et al., 2010; Nguyen & Trimarchi, 2010; Pace, 2010) , others find no negative effect (Kassis et al., 2008; Mijid & Liard-Muriente, 2012; Mollick & Cutshall, 2013; Williams, 2012) . However, the above studies use either binary variable whether Aplia is used in a course when measuring its effectiveness or survey data. The current study differs from the previous literature on Aplia because it uses actual time spent on an assignment as a measure of students' effort.
There are three studies on Aplia that are closely related to this paper. First, Caplan and Gilbert (2008) claim that students who procrastinate have a lower performance relative to students who do not delay their work and argue that students' study habits are a complement to Aplia. Second, Kennelly, Considine, & Flanner (2011) analyzed whether Aplia affects specific sets of questions on the exam. They argue that students are more likely to complete assignments that use Aplia but found little evidence that Aplia is beneficial on exam scores. Third, Kauper (2011) used students' login and logout records and found that students rather minimize their study hours instead of maximizing their outcome (the course grade). Although none of these studies used actual time each student spent on each question or assignment, these findings led us to interesting questions: if students do not perform well because they procrastinate, if they minimize their study hours but they are more likely to complete the assignments on Aplia, what is the payoff for their study time? Does completing assignments help them earn better grade? Or does spending more time on each question or an assignment have a better outcome? Do number of attempts matter at all? We will try to answer these questions using students' activity records which capture actual time submitted for each question. Next section describes data used in this study.
Data and Summary Statistics
In this study, we use retrospective data on student performance and student In the Fall and Spring terms, students submitted mandatory weekly assignments on Aplia, which consist of about 10 questions. In these assignments, they had an option of up to three attempts for each question (aka GradeItNow or GIN problem sets). The GIN problem sets give students detailed feedback on each question when they submit the question and are automatically graded by taking the average of the three attempts.
In addition, students were given an option to complete one (or two) news analysis a week as an extra credit assignment. Students read a short news article (usually one or two pages long) on Aplia and answered questions related to the article. News analyses are not GIN problem sets; students' answers are graded at the deadline (aka GradedAtDeadline or GAD problem sets). During the Fall and Spring, they also participated in three (or four) experiments on Aplia that demonstrate how competitive markets work. Each experiment requires them to complete "Preparing an Experiment" before the experiment and "Analyzing an Experiment" after the experiment. Besides these three types of problems completed on Aplia (graded problem sets, news analysis and preparing/analyzing experiments), students participated in weekly online discussions and took a midterm and final exam. The total Aplia scores as a percentage of a final course score ranged from 43% to 60% in the Fall and Spring. For each student record, we calculated the following variables: time spent on each attempt, a number of attempts on each question, total time spent on a question and an assignment, and a number of times a student logged in to complete an assignment. Then we computed the average values of these variables, and total number of questions and assignments completed for each student. We combined this dataset with student demographic information and course grades obtained from our Office of Institutional Research 4 . Table 1 shows the descriptive statistics of student demographic information -the course grade, cumulative GPA, SAT scores, number of credits earned, class standing, gender, race, age, and school -and the average time spent on assignments, questions, and attempts. We received 124 records 5 with student demographic information. There were 21
transfer students' records with 0 cumulative GPA, which is replaced by a missing value.
Most of them were sophomore, junior and first-year students. Also, there were many observations with missing SAT scores (international students, for example). Fourteen percent of our sample is first-year students, 38% is sophomore, 30% is junior and the remaining 17% is senior. Forty three percent of the sample is female students and 78% is white. The average age is 22 years (but the median is 20 years old). The three online sections made up to 35% of our sample. More than 53% of the sample is in business related majors (and business majors are required to take both Principles of
Microeconomics and Macroeconomics as prerequisites). The three sections in the Fall
2012 made up to 43%, the winter section was only 6% and the remaining 51% was Spring 2013.
On average, students spent 5 minutes per attempt and tried 1.3 times per question 6
. The average time spent on a question was 7.5 minutes. Students completed 208 questions throughout the term, on average. They spent 72 minutes on an assignment and the total number of assignments completed was 24. Students logged in 1.3 times in order to complete an assignment. As shown in Table 1 , there are big variations in these variables, especially the number of questions and assignments, due to the winter term which was quite different than the Fall and Spring terms.
Empirical Model
In order to examine how students' effort is paid off, we use the following simple OLS model:
(1) 6 Only GIN problem sets gave students an option of up to three attempts per question. The GAD problem sets did not have such option. However, for the GAD problems, students can change their answers as many times as they wanted before the deadline.
Y -course grade (standard grade: A to F with +/-converted into 0 to 4 scale) X effort -variables that measure students' effort. We used the following specifications. ε is a random error term.
We run equation (1) using OLS regression model. We would expect the sign for the X effort be a positive and significant.
Results
The regression results of the OLS estimates of coefficients are shown in Table 2 .
In Specification 1, we examined the effect of the average time spent on an attempt and the number of attempts per question on student's course grade. Although we found a positive and significant coefficient for the average time spent on an attempt, the estimate is sensitive to the model. The number of attempts has no effect on student's performance (although positive but it was insignificant). This can be explained by the fact that students who just followed Aplia's instant feedback in a next attempt in order to get a higher score may not recall information in the exam. Other factors that positively affect students' course grade include the cumulative GPA, or being in a business major or liberal arts and social sciences major. While white students are more likely to get a better grade, female students are less likely to perform well in the course.
Since the time spent on an attempt is correlated with the time spent on a question and on an assignment, we include the time spent on a question only in Specification 2. In Specification 3, we include the time spent on an assignment only. Note: *, **, or *** indicate significant level at 10%, 5% and 1%.
As shown in Specification 2, the coefficients for the time spent on a question are statistically significant and positive but it is again sensitive to the model specifications.
However, we found the statistically significant (at 1%) and positive coefficient for the number of questions submitted. In other words, one more question submitted would increase the course grade by 0.005 points. The rest of the coefficients in Speciation 2
were the same as in Specification 1.
Lastly in Specification 3, we found that the number of assignments completed has significant impact on course grade but not the time spent on an assignment. One more assignment completed would impact the course grade by 0.048 (or 0.052) points.
These findings in Specifications 2 and 3 are contrary to what we expected but are consistent with the previous research that found students who complete assignment more likely to perform better.
Conclusions
In this study, we examined the effect of students' effort on their course performance and found that number of questions or assignments completed has more impact than the time spent on these questions or assignment. In today's digital world, the way students use Aplia greatly affects and influences their learning. Sure, all students have a busy life nowadays: they spend endless hours for studying, reading/reviewing course materials, going to classes, completing assignments, in addition to working (part-time or full-time), socializing, staying fit, enjoying their favorite sports, shows, movies, etc. If used incorrectly, their time spent on Aplia assignments can be useless instead of saving the time for them. Thus instructors make it aware to students and tell them when to start the assignments, how to use the tools, feedback, and multiple attempts features effectively.
